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Bass  Pr—a urt  and  Alllsd  Studiat 

Studlae  of  tho  flow  around  tha  baaa  of  an  o£iva  ejllndar  bodjr 
with  a langth  to  diamater  ratio  aqual  to  8 at  Kaoh  mobor  3 hara  baao  oo»> 
^atad  for  the  oase  of  ood^atalj  turbulant  flow.  A report  la  now  in  pro- 
graaa  reporting  theaa  raaulta.  lhaaa  taste,  tdiieh  eoTarad  a Reynolds  n\s&- 
bar  range  frou  about  5 million  to  50  million,  wore  primarily  dasignad  as 
a dstailad  flow  study  of  tha  region  bohind  tha  bass  in  an  attempt  to  oon- 
struot  the  oomplate  flow  field  for  the  oase  where  the  boundaiy  layer  learing 
the  body  was  turbulent.  The  most  interesting  result  of  this  study  has  been 
the  oxaadnation  of  static  pressures  on  the  axis  behind  the  body.  It  was 
expootod  that  the  pressxxro  would  increase  from  the  low  base  pressure  rclue 
to  the  free  wtresm  walue  in  some  smooth  fashion.  Iho  esporii&ental  results 
show  that  (1),  there  is  an  ovor-oomprassion,  sometimes  as  high  as  1009( 
occuring  approximately  four  diameters  downstream  of  tho  body  and  (2),  then 
a sVsr  ^xp-uision  of  tho  wake  back  to  ambient  conditions.  FTeo  stream 
staii,'.  , v*efit!tux)a  are  not  aoproaehod  on  the  axia  for  dlstanoos  leas  than 
about  1C  diameters,  those  results  have  been  explained  on  tho  baais  that 
the  compression  caused  by  the  conical  flow  behind  tha  base  and  tho  trallixig 
ahoek  stiueture  (the  only  neoharlam  to  turn  the  flow  back  to  the  axial 
direction)  givee  a ooneiderablj'  higher  presaure  ratio  then  the  two  dimen- 
sional expansion  at  the  oomer  of  tho  base.  As  a result,  pressure  at  the 
axis  is  oonsiderahly  bigiter  than  ambient  pressure  and  an  eapanaion  wave 
eystom  mist  be  generated  to  bring  this  pressure  down  to  aabiont.  A re- 
examination of  the  theory  ihows  that  si>eh  effects  can  also  be  prodietod  but 
further  results  are  necessary  beforo  vsiification  can  be  made.  A tost  pro- 
gram to  examino  this  dotailod  base  flow  is  being  sot  up  for  conditions  which 
will  have  laminar  and  transitional  conditions  of  tbs  boundary  layer  at  the 
base. 


In  an  attoopt  to  gat  tho  effect  cf  the  flow  leaving  a body  of 
roTolxftion  at  ar  angle  to  tho  a:;is,  tests  have  boon  started  on  aerioe  of  U 
oonoe  of  various  conical  angles.  Although  tho  gocoetrical  length  of  these 
conoe  varies  (the  base  diameter  is  held  oenstant)  the  vazdaVde  Raynoldn 
number  ^aractoristic  of  the  tunnel  allows  examination  of  tne  flows  for  the 
aame  Reynolds  numbers  for  all  bodies  over  a rruige  of  Reynolds  numbers. 

The  effect  of  flow  deflection  ongltr  vsM  be  included  in  tho  Crocco-Loos 
theory  if  it  is  to  predict  ba8f>  pressures  on  bodies  which  have  surfaces  at 
tho  base  not  parallel  to  the  axiff.  This  program  has  boon  oomblnod  with  a 
sorlos  of  tosts  of  the  same  cones  as  above  with  the  addition  of  various 
length  cylindrical  afterbodies.  These  tests  are  designed  to  study  tho  effect 
of  the  comer  formed  by  the  Junction  of  the  eono  and  cylinder  on  the  botsidary 
layer  and  the  subsequent  variations  in  base  pressure.  Prolirdnar^'  tests 
have  been  carried  out  on  both  of  these  programs  and  the  prosexrt  to^  pro- 
gram includes  oonsidoroblo  work  on  this  phase. 
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StsA  Mm  Etomdanr  larog  latereoticp  3t;4iao 

As  part  of  the  orei^-all  program  in  the  sto^r  of  shook  naTss  sad 
boundarjr  lajeni  and  their  interactions,  a series  of  tests  to  wwlne  the 
dotaile  of  a shock  wave  boundaiy  layer  inter  tctxoc  have  been  studied  in  the 
bl|[  tunnel  whore  the  prissure  rise  has  been  caused  bgr  a ooraer.  This  nethod 
provides  a phenonena  Ir.  which  the  oonpllcatian  of  the  initial  or  incident 
■hook  is  eliidnated  ani  the  oor^ressicn  is  deteminod  by  tho  vail  shape . 
A^'evlous  tests  have  been  cado  in  sharp  oomers  varying  with  flow  dofleotions 
frc=  y*  to  25^  at  a Macti  nuntbor  of  3.  A eerles  of  tests  were  started  on 
oomors  fomed  various  radii  to  exaolne  the  effect  of  s|>rsart1n<  out  the 
pressure  rise  and  allowing  oentrlfugal  forces  to  play  a greater  part  in 
the  interaction.  Results  have  been  obtained  for  several  low  angle  coapress-' 
tlons  but  blockage  difflculities  have  forced  suspension  of  the  test  program 
for  the  present.  Modifications  to  the  diffuser  block  should  relieve  this 
difficulty  and  allow  ''oapletion  of  the  test  program.  Preliminary  results 
already  show  a very  considerable  difference  in  the  sharp  and  smooth  oomer 
studies  with  the  curved  walls  (centrigued.  effsets  veiy  important)  supporting 
much  higher  pressure  ratios  have  been  obtained  in  the  sharp  comer  tests. 

This  work  is  of  partlcxtlar  importance  in  such  applications  as  ram  jet  inlets 
and  supersonic  compressors. 

2^"  x 2"  Tunnel 

A series  of  t-sts  have  been  made  on  the  interaction  between  an 
oblique  shock  wave  and  the  turbulent  boundary  layer  on  the  nozsle  wall  of 
the  2j^  X 2"  tunnel  at  Knch  nvnbor  r 3*  Shock  wave  strengths  from  0 to  15^ 
have  been  examined.  The  boundary  layer  has  been  held  constant  and  is  fully 
turbulent  (a  Reynolds  numbered  based  on  displacasont  thickness  of  about 
7000).  Fbr  shock  wave  strengths  below  6^,  studies  of  the  two  dimensionality 
of  the  flow  shows  that  quite  severe  cross  flows  ai^  sxperienced  even  thou|^ 
the  shock  generating  wedge  completely  spans  tbs  tuiswl,  AH  attesipts  to 
get  two  dimensional  flows  have  been  unsuccessful  althou^  static  pressures 
measured  on  centerline  are  consistent.  As  s result  of '<tbis  investigation 
no  data  has  been  presented  for  these  low  angles  and  considerable  doubt  as 
to  the  veracity  of  other  published  data  now  exists.  Iho  literature  mentions 
no  exemination  of  the  two  dimensional  condition.  The  pressure  distributions 
on  centerline  show  a peak  in  the  pressure  rise  aurro  with  the  final  pressure 
being  considerably  less  than  the  thocretioal  predicted  value.  This  is  in 
agreement  with  other  published  results  but  appears  to  be  due  in  large  part 
to  the  three  dixaansional  nature  of  the  flow.  For  these  weak  shock  strextgths, 
small  variations  in  the  flow  and  boundary  layer  characteristics  must  play 
as  Important  a part  in  the  phenostena  as  the  weak  shock  strengths  tested. 

Above  6^,  two  dinensicnal  characteristics  cotild  be  obtained  and 
a svBcary  of  the  results  for  shock  wave  strengths  of  7 to  15<^  ore  shown 
in  the  following  chart.  Ih<.  boundary  layer  thickness  is  indicated  on  the 
horisontal  scale  as  ^ and  it  can  be  seen  that  this  interaction  spreads 
Tut  only  to  10  to  15  boundary  layer  thicknesses  in  constrast  with  the 
loatnAT  case  tdtich  may  extend  50  or  more  bound  try  layer  thicknesses  \ipetresm. 
The  development  cf  the  pressure  rise  on  tho  wall  with  varying  strength 
shocks  has  some  of  the  characteristics  of  the  lamin-'-r  boundary  layer  intsz«- 
action.  In  particular,  an  inflection  in  tho  pressure  rise  curve  is  found 


Status  Report 


‘3- 


AprU  15r  1953 


ublob  bsa  not  b«on  obtained  by  prsrlous  inrastlfalloQ  bsoatuse  of  tbs 
rolatlroly  low  abode  atrsngth  ussd. 

iTi  tl)9  study  of  this  phonenona  »oas  eonsldsrablo  effort  bos  been 
put  into  the  derolopsiont  of  oolorsd  Sehllorun  photographs.  Colo  rod  Schlleren 
photography  la  aot  new.  but  its  Tslue  h^  boon  priaarily  In  the  field  of 
publicity.  Past  todmi<]ues  h’\Te  necessitated  long  exposures  and  therefore 
it  has  not  proved  an  Is^iortint  research  tool.  A technique  has  beon  devel- 
oped at  this  laboratory  for  talcing  colored  Schlleren  phot  graphs  with  a 
•icroseoood  flaih.  Ihe  color  aystew  consists  of  a special  confined  light 
sources,  a prlsn,  the  conventional  Schlleren  optics,  and  Uie  \ise  of  a slit 
Instead  of  the  conventional  knife  edge.  Bctachroae  fils  and  special  pro- 
cessing developed  in  our  photographic  lab  are  used  to  obtain  a 2"  z 2" 
transparenejr.  Ih  these  Sehliuren  photgrapha,  each  pressure  gradient  is 
id<»tified  by  a particular  color.  Aa  a result,  the  final  photgraph  shows 
considerably  sore  detail  then  the  ordinary  Schlleren  because  of  the  eye's 
sensitivity  to  color.  For  example,  a small  conprosaion  end  a small  expan- 
sion, side  by  aide,  will  be  two  cosipletely  different  colors  in  the  colored 
Schlleren  system  whereas  they  would  bo  oi^y  ali^hly  different  in  the  gray 
scale  for  ordinary  Schlleren  photographs.  An  exa;:in\tion  of  such  photographs 
has  given  soise  considerable  information  on  the  structure  of  tho  shock  wave 
boundary  layer  interact5.on  hcretofor  not  available.  Below  a shock  strength 
of  the  refloction  of  the  shock  wave  from  the  turbulent  layer  is  a ”rogu- 
lar"  reflection,  i.e.,  the  incident  shock  wave  is  reflected  aa  a single  coo» 
pressioh  wave.  At  about  8°,  a change  takes  place,  the  influence  of  the  inci- 
dent shock  wave  extends  upstream  and  the  reflection  consists  of  initial  ctsa- 
proaaion,  a small  expansion  fan  and  a second  compression.  As  the  incident 
shook  strength  becomes  stror.ger  this  phenomena  spreads  out  and  becomes  a woU 
defined  initial  reflected  shock  followed  by  a separated  region.  The  Incident 
shock  reflects  from  tho  top  of  this  region  as  a strong  expansion  aixd  the 
attendant  reattachment  and  turning  of  the  separated  layer  couao  the  second 
compression.  The  change  In  reflection  characteristics,  as  dotomined  from 
the  color  Schlleren  photographs,  agrees  with  tho  occurence  of  tho  inflection 
point  in  the  wall  static  proasuros  (eeu  the  figure  for  shock  wave  strength 
of  90),  Total  head  survoys  are  now  boing  undertaken  through  the  Interaction 
region  to  dotermlno  the  also  and  charactoristics  of  the  separated  region 
and  other  flow  ebaraeterlstica. 

Thooretical  VforK 

The  obiainirg  of  detailed  expurimontal  results  on  tho  shock  wave 
bound'.ry  layer  Inter-'.ctJon  has  stlml.ated  additional  work  along  theoretical 
lines  on  the  prediction  of  tho  shock  wave  boundary  layer  interaction  effects. 
The  Crocca-Loes  theoxy  seema  to  be  able  to  give  a very  good  represent  at  ion 
of  the  flow  with  the  oxcoption  of  tho  sharp  proasure  rise  duo  te  the  Initial 
reflected  shock.  It  will  porh^s  not  bo  possible  at  the  present  time  to 
predict  this  theoretically.  Tho  results  of  the  detailed  total  .and  static 
survoys  have  at  least  provided  a good  irtodel  and  attcs&pta  aro  now  boing 
m.adc  to  predict  this  initial  pre8s«a*e  rise  from  purely  theoretical  considers— 
tiocs.  Tliere  seems  to  be  some  indie  t ion  that  thi-  initial  pressure  rise, 
i.c.,  the  pressure  rise  before  the  Inflection  point,  may  be  vory  little 
influenced  ^ M'ach  mober  and  if  so,  provides  a critical  parametor  in  any 
solution. 
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Th«  Crooeo^aa  aiqslloatloo  to  bna*  prasaura  was  rs  arwrinsil 
'ji  an  att«3pt  to  pradlet  tha  owar-shoot  of  tho  prossurs  on  tha  axis  bshiad 
;he  baso.  Tho  aethod  of  calculation  aads  it  necoesajy  to  oontruct  ths 
axtotaal  inrisid  flow  which  sust  ba  dona  bj  a thraa-diasnslonal  aatbod  of 
oharactorifticSk  Sana  proliainary  work  alon^  this  lino  has  shown  prassxiras 
on  tho  axis  whioh  rise  above  tho  aabient  statio  prossure  but  the  ooaplioap* 
tions  of  the  oxteraal  flow  calculations  aakos  it  ispractical  to  push  this 
solution  further.  This  work  will  bo  continixod  as  laore  eaqpoxdaental  results 
are  available  in  this  separatad  region  tehind  tha  base* 

Reports  in  Progreas 

1)  A r^ugh  dx'aft  of  a report  on  the  results  of  the  dotailod 
study  of  the  flow  behind  blunt  based  body  of  revolution  with  a turbulent 
boundary  layer  has  been  coo^leted.  A conq;>ilation  of  tho  results  has 
shown  the  need  for  a few  more  test  points  which  should  bo  obtainod  within 
the  next.  Bonth  or  so.  Tho  report  tdll  bo  ratxdy  for  publication  shortly 
thereafter. 

2)  A report  presenting  the  results  of  tho  work  on  tho  inter- 
action  betwG^  various  strength  shock  wives  and  a turbulent  boundary  layer 
is  also  in  rough  draft  form.  This  roport  should  Also  be  forthcaaing  within 
tiio  noxt  Bcntn  to  six  vraeks. 

3)  it  suomary  of  the  results  on  the  shock  wave  boundary  layer 
interaction  studios  has  boon  propar<jd  fer  presentation  at  tho  Ai»-B  Heat 
7r  .nsfor  Meeting  in  California  tho  end  of  Juno.  Tho  paper  w.ll  be  pub- 
lished in  tho  proceedings  of  this  meeting. 
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